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OEIIJA5I XAPAKTEPHCTHKA PABOTbl 
AKTyajibHOCTb npo6jieMbi. KoH<f)opMaujioHHBie 3a6ojieBaHHH - axo rpynna 3a6ojieBaHHH, npn 
KoxoptDC HapymeHHe HopManBHBix (J)H3HonorpwecKHX h noaBJieHne aHOMantHtix cbohcxb 6enKOB 
CB33aHBi c H3MeHeHHeM hx npocTpaHCTBeHHOH cxpyKxypBi (Merlini, Belotti, 2003). 3HaMHxejn>Haa 
nacxB KOH<J>opMai|HOHHBix 6ojie3Hen npeacTaBJiaer co6on pa3JiH i mBie thttbi aMHnoHfl030B. 
Bo3HHKHOBeHHe aMHJiopmo30B CBjnaHO c HaKoiTJieHHeM b pa3JiH i iHBix opraHax H TKaHHX 

HepaCTBOpHMBDC <j)H6pHJIJI5ipHBIX <|>OpM 6eJIKOB. K aMHJIOHa03aM OXHOCflXCfl TaKHe K3BeCXHBie 

3a6ojieBaHPia KaK 6ojie3HB AjiBijreHMepa, 6ojie3HB IlapKHHCOHa, npHOHHBie 3a6oneBaHHH. Ilpn 
ana6exe THna 2 o6pa30BaHHe aMHJionaa xaioKe flBJiaexca o^hmm H3 3BeHBeB naToreHe3a 
(JIoKpoecKidi u dp., 2004). AMHJiopmo3Bi abjehoxcji aobojibho pacnpocxpaHeHHon rpynnoii 
3a6ojieBaHHH. Tax, HanpnMep, b Hacxoamee BpeMa, 6ojie3Ht AjiBijreHMepa oGHapyaceHa y 12 mjih. 
jnoaefl no BceMy MHpy (Merlini, Belotti, 2003). IIo pa3nH4HBiM a^hhbim, aMHJiontf03 M03ra 
racTOXHMiraecKH BBMBJiaexca y 30-46% ncnxnnecKH 3aopoBtix Jnoaen b B03pacxe cxapnie 60 nex 
h y 80-100% jnoflefl cxapnie 85 nex (Ott(pa, 1987; Merlini, Belotti, 2003). HecMoxpa Ha 
cymecxBeHHBiH nporpecc b noHHMaHHH MexamcMOB <j>opMHpoBaHHa aMHJioHAHBix oxnoaceHHH, 30 
chx nop He cymecxByex 3<J)<j)eKrHBHBix cpe^cxB fljia JieneHHH aMHnoHfl030B. (Jakobson, 2004). 
IIInpoKaa paenpocxpaHeHHoexB axon rpynnti 3a6oneBaHHH no3BOJiaex paccMaxpnBaxt npoGneMy 
noHCKa HHrnSnxopoB (J)n6pnjiJioreHe3a KaK AocxaxoHHO aicryanBHyio. IfoyneHne aHOManLHoro 
4)n6pnjinoreHe3a HBJiaexca Ba^HtiM xaKace n ajih pa3pa6oxKH hobbdc HaHOMaxepnanoB Ha ocHOBe 
aHOMantHtix <J)n6pHJin (Mitraki etal, 2005; Velikov, 2005). 

IJejni Hccjie^oeaHHH. Ochobhoh ijenBio aaHHon pa6oxBi hbjihjiocb royneHne MOJieKyjiapHBrx 
MexaHH3MOB anoMajiBHoro (J>n6pnjiJioreHe3a n pa3pa6oxKa noAxoaoB ana noaaBJiemra 
aMnnoHAoreHHOcxn MoaentHBix SeincoB. 
3a,qaHH Hccjie^oBaHHfl. 

1 npoBecxn aHanH3 nepBnraon cxpyKxypBi H3BecxHtix (JjnSpnjuioreHHBix nenxnaoB in silico. 
Bbisbhtb 3aKOHOMepHocxH nepBH^Hon cxpyKxypBi, xapaKxepHBie ajm axon rpynnBi nonnnenxHaoB. 

2. OnpeflennrB cxpjocrypy noxemjnajiBHBix <J>n6pnjiJioreHHBix Aexep&iHHaHr MOflenBHBix SemcoB 
anB(J)a-naKxanB6yMnHa h nraoijHMa. 

3. Pa3pa6oxaxB n CHHxe3HpoBaxL nenxna, coaep^amnn noxemjnajiBHyK) (J>H6pHJUioreHHyio 
aexepMHHamy anB<J>a-JiaKxanB6yMHHa nenoBeKa. H3ynnxB (J)n6pnjrnoreHHBie CBoncxBa xaKoro 
nenxn^a in silico n in vitro. IfoymrrB BJUDmne xaKoro nemxma Ha (J)H6pHJinoreHe3 anB<J)a- 
naKxajiB6yMHHa . 

4. YcxaHOBHXB B03MoacHBin MexaHH3M ynacxna noxeHujiajiBHBix aMnnoHfloreHHBix aexepMHHaHX 
b 4>n6pnjiJioreHe3e. 



5. Pa3pa6oxaxB h CHHxe3HpoBaxb nenxHA, noxemiHanBHO cnoco6HLift bjudixb Ha <J)H6pHJiJioreHe3 
jiHsoijHMa KypHHoro aHija. PhyMHiB ero bjukhhc Ha (J)H6pHjmoreHe3 axoro 6enKa. 

6. IIpeaJio^irrB B03MoacHBie nyxH HHTXiSHpoBaHHa <J>H6pHJiJioreHe3a h o6pa30BaHHa xokch^hbix 
rtvl Kfiexoic onHTORiepoB 6ejncoB. 

HayMHafl HOBiiiHa nojiyneHHbix pe3yjibTaTOB. Ilpn aHanrae nepBH^Hofl cxpyKxypBi 
(J)H6pHJinoreHHBix nenrimoB BnepBBie oSHapy^ceHO Hannqne sepicanBHO-CHMMexpH^HBix moxhbob. 
BnepBBie npeflnoaceH h CHHie3HpoBaH ciioco6hbih k <j)H6pHJUioreHe3y neirrna, roMOJiomrabiH 
(J)parMeiny ajit(|>a-JiaKxajn>6yMHHOB. C noMoiiiBK) KOMntioxepHoro MOAennpoBaHUfl h rayHeHHa 
cbohcxb (J)H6pHJiJi xaKoro nenxH^a oxapaKxepH30BaH MexaHraM ero <J)H6pHJUioreHe3a. IIoKa3aHO 
BJinaHHe xaKoro neiTXHfla Ha <J>H6pHnnoreHe3 ajiB<J>a-JiaKxajib6yMHHa. YcxaHOBJieHa ponB y^acxica 
nocneaoBaxenBHOcxH 35-51 a.o. b <j)H6pHJinoreHe3e axoro Seinca. IIpeflJioaceHa cxpaxerxra: rjix 
HHTHGHpOBaHHa o6pa30BaHH3 npe<J>H6pHJIJIflpHBIX (J)OpM SeJIKOB. YcxaHOBJieH noxeHijHajn.HBiH 
MexajooM ynacxHa 3epKajn>HO-CHMMexpH i mBix moxhbob b <j)H6pHJiJioreHe3e. Ha ocHOBaHHH xaKoro 
MexaHH3Ma pa3pa6oxaH h CHHre3HpoBaH nemrm, HflemxraHBiH y^acxicy nocneflOBaxentHOCTH 
nraoijHMa h cnoco6ra>iH OKa3BiBaxB BjmaHHe Ha <J)H6pHJiJioreHe3 axoro Semca. 
HayMHan h npaKTHHecicafl SHaHHMOCTb paSoTbi. IIonyHeHHBie pe3ynBxaxbi no3BonaioT 
pacmHpHXB npeacxaBJieraifl o MOXHBax, y^acxByiomnx b 6ejioK-6ejncoBBix B3aHM0fleflcxBHflx, 
Heo6xoAHMbix RTVi aHOMajibHoro (|)H6pHJiJioreHe3a h 

npe^Jio^HXB cxpaxerrao rjul co3flaHHa neirrHflOB, cnocoGHtrx bjihhxb Ha npoijeccti, 
conpoBoac^atomHe aHOMantHBiH (J)H6pHJUioreHe3 SemcoB. B 6yaymeM axo Moacex nocnyacpnL 
ochoboh fljia co3AaHHa xepaneBxiraecKHX cpeacxB rjdl SoptSti c aMHnoHfl03aMH. Kpoaie xoro, 
nojiyMeHHtie AaHHtie h pa3pa6oxaHHbie Mexo^Bi MoaennpoBaHHH in silico Moryx 6trrb 
HcnonL30BaHBi ana co3flaHHa HaHOMaxepnanoB Ha ocHOBe 4>H6pHnnoreHHtix nemrm ob. 
OcHOBHbie nojio>KeHHfl, BbmocHMbie Ha 3au|HTy: 

1 . B nocneaoBaxejitHocxax MOflentHtrx 6enKOB anB<j>a-Jiaicxajn,6yMHHa h JiraoijHMa o6Hapy^ceHti 

SepKaJIBHO-CHMMexpH^HLie MOXHBBL 

2. IIoKa3aHO, mxo nemrm GYDTQAIVENNESTEYG, coflepacamntt 3epKanbHO-CHMMexpH i mbiH 
moxhb h coBnaaaiomHH no nepBHraofl cxpyKiype c y^acxKOM 35-51 a.o. 6exa-A0MeHa anB(J)a- 
naKxajn>6yMHHa, coflepacnx (J>n6pHnjioreHHyio aexepMHHaHiy axoro 6enKa. 

3. nemrm GYDTQTVVNNNGHTDYG, roMOJioixnmbiH 3epKanLHO-CHMMexpH i moMy MOXHBy 
ant(J)a-naKxanb6yMHHa, xaiosce coflepxarr (J>H6pHnnoreHHyio aexepMHHamy axoro Semca h 
cnoco6eH CBH3biBaxLca c hhm b cooxHoineHHH 2:1. 

4 . Pe3yntxaxbi KOMnBioxepHoro MOflennpoBaHHa <|>H6pHnnoreHe3a nemrma 
GYDTQTVVNNNGHTDYG, noaxBep^eraj b aiccnepHMeHxax in vitro. 



5. IIpeaJioaceH MexaHH3M ynacxna 3epicanBHO-CHMMexpH i mBix mothbob b <J>n6pHJiJioreHe3e 6enKOB. 
Ha ocHOBaHHH npeflno^eHHoro MexaHH3Ma pa3pa6oTaH nenxnfl, ciioco6hbih BjmaxL Ha 
aHOMantHBiH <J)H6pHJinoreHe3 nn30ijHMa. 

Anpo6aqnH pesyjibTaTOB paSoTbi. OcHOBHue nonoaceHHa pa6oxti 6luih npeacxaBJieHti Ha 9-h n 10- 
n IlymHHCKHX MeacayHapoflHtix inKOJiax-KOH(J)epeHijjiax mojiosbix yneHtix "Enojiorna - Hayica XXI 
BeKa" (IlymHHO, 2005, 2006), Ha MeagnyHapoflHtix KOH^epemjixax European Society of Human 
Genetics (Prague, Czech Republic, 2005, Amsterdam, The Netherlands, 2006), Ha 8- h 9-h 
BcepoccHHCKHX MeaHKO-SHonorn^ecKHX K0H(J>epemjH3x mojioalix nccjieflOBaxejiefi « I lenoBeK h ero 
3^opoBBe» (CaHKT-neTepSypr, 2005, 2006) Ha HayMHO-npaKxmecKon KOH<|>epeHiiHH Mono^Bix 
y^eHBix «AKiyajiBHBie BonpocBi KJiranraecKOH h 3KcnepHMeHxajn»HOH MeoHijHHbi» (Camcr- 
neTep6ypr, 2005), Ha Me)KBy30BCKon Hayraoft KOH<j>epeHUHH "XXXIV Helena HayKH CnSlTTy" 
(Caincr-nexep6ypr, 2005), a xaic^ce Ha KOH<j)epeHiiHH, nocBameHHon 115-nexHio FY HHH3M PAMH 
(Camcr-nexepSypr, 2005). 

IlySjiHKaqHH. no xeMe anccepxaujiH onySnmcoBaHBi 2 cxaxBH h 7 xe3HCOB Ha BcepoccHHCKHX h 
Me^aj^HapoaHBix KOH<|>epeHiiHax. 

JIhmhmh BKJia^ coHCKaTejifl. CoHCKaxeneM 6luih npoBefleHti: aHanH3 jmxepaxypLi no xeMe 
HccneflOBaHPia, iuiaHnpoBaHHe SKcnepnMeHXOB, nojiy^eHne ochobhoh Macxn pe3yntxaxoB , 
HanncaHHe cxaxen h noaroxoBica AOKJia^oB na KOH<|>epeHiiHax. BLiAeneHne h o^mcxKa Semca, 
HcnojiL3yeMoro b paGoxe, nonyMeHne <J>n6pHJiJi, noaroxoBica o6pa3ijoB ana aneicrpoHHOH 
MHKpocKonpiH, MoaH(J)HKaijHa cymecxByiomnx Mexo^oB ana axoMHon chjioboh mhkpockoiihh 
o6pa3i|OB, onxHMraaijHH ycnoBHH rjdl (JjnyopeciieHXHoro aHanraa, aneKxpocJDopexiraecKoe h 
xpoMaxorpacJjH^ecKoe pa3aeneHne onnroMepHtix $opM GemcoB . TaioKe concKaxeneM Smia 
ocymecxBJieHa pa3pa6oxKa anropHXMOB opnrHHajitHLix KOMnBioxepHBix nporpaMM, 

Hcnonb30BaHHBix b pa6oxe. Oxpa6oxica anropnxMOB h HanncaHHe nporpaMM ocymecxBJiaxmcL 
cxy^eHXOM Ka^e^pti 6ho<|>h3hkh Cn6my TapMaeM K).n. 3neKxpoHHaa MHKpocKonna 
npoBo^njiacB b JIaGopaxopnn Mopcjjonornn BnpycoB FY HHH rpHnna PAMH tior pyKOBoacxBOM 
CnpoxKHHa A.K. h b EoxaHiraecKOM HHCxnxyxe PAH. AxoMHaa CHJioBaa MHKpocKonna 
ocymecxBJEDiacB b JlaSopaxopnn 6ho<J>h3hkh MaKpoMoneicyji OMPB nH5IO PAH noa 
pyKOBoacxBOM JIe6eaeBa J\.B. H3MepeHne cneKxpoB <f>nyopecijeHiiHH ocymecxBJianocB b HBC 
PAH nofl pyKOBOflcxBOM nayxoBa B.^., b Ox^ejie 6hoxhmhh HHH3M PAMH nofl pyKOBOflcxBOM 
JIo30BCKoro BT., a xaioKe b HHLJ PAH no# pyKOBoacxBOM TypoBepoBa K. K. H3Mepemie 
(J)epMeHxaxHBHofl aKXHBHoexn nraoijHMa npoBo^nnocB b Oxflene o6men naxonornn HHH3M 
PAMH noa pyKOBO^cxBOM BepjioBa M.H. 

Cxpyioypa AHCcepTauHH. ^nccepxaiina nocxpoeHa no xpaflnunoHHOH cxeMe n coaep)KHX 
pa3flejn»i «BBe3eHHe», «063op nnxepaxypti», «MaxepHanti n MexoALi», «Pe3yntxaxLi n 



o6cy)KfleHHe», «Bhboali» h «Cithcok UHTHpyeMoH nHxepaxypti», BKJno^aiomHH 120 
HHOcrpaHHtix h 18 OTenecTBeHHtix hctohhhkob. JjHccepxaujra H3JioaceHa Ha 107 cTp. PesyntxaTti 
npeflcxaBJieHBi b 1 xaSnraje h HJimocxpHpoBaHBi 45 pHcymcaMH. 

MATEPHAJIbl H METO^bl 
MaTepHajibi. Ilpn BtmonHeHHH paSoxBi Hcnojn>30BanH peaKXHBBi <J)HpM «SIGMA» (THOtjmaBHH 
T, NaN3, EDTA, <J)eHHJi-ce<J)apo3a, Mapicepti MoneKyjiapHoro Beca, jih30ijhm KypHHoro aiiija, 
npenapax KnexoMHoH cxerncn M luteus), «SERVA» (peaKXHBBi jsjvl 3Jieicrpo(|>ope3a h 6y<J>epHLie 
pacxBopti), «TOYOSODA» (cmojibi fljia rent-<J)HJiBxpaiiHH), «MERCK» (HeoprainraecKHe conn). 
nenximBi GYDTQTVVNNNGHTDYG (sanee - ID), GYDTQAIVENNESTEYG(aanee - WT) h 
NTQATNRNTD(flajiee - HALF) 6buih CHHxe3HpoBaHBi b OOO «HI10 «Bepxa», MHexoxa 
npenapaxoB npeBBiinajia 90%. J\wi <J>Hjn»xpaijHH o6pa3ijoB nepea BHnojiHeHHeM cicaHHpyiomeH 
3ormoBOH MHKpocKonHH HcnonB30BanH <J>hjilxpbi <|>HpMLi « Orange scientific)). J\jul cicaHHpyiomeH 
3ormoBOH mhkpockoiihh HcnonB30BajiH nnacxHHKH cmojihi <])HpMLi ((Structure Probe Inc.» h 
KaHXHJiHBepBi (J)npMLi «NT-MDT». Taicace Hcnojn»30BanH cxeioiHHHBie nnacxHHKH, noKpBixBie 
HydroGel <J>hpmli «Perkin-Elmer». AMHHOKHcnoxHBie nocneaoBaxejiLHOcxH <|>H6pHJUioreHHBix 
nenxHAOB h GemcoB nojiyneHti ra 6a3 aaHHtix GenBank, SWISS-PROT, a xaidce H3 cxaxeft (Azriel, 
Gazit, 2001; Liu etal, 2004; Tagliavini etal, 1993; Sedman etal, 2005; Jarvis etal, 1993; Krebs 
etal, 2000; Lopez de la Paz, 2002; Legt)ian etal, 2004; Nelson etal, 2005). 
Bbme-iemie ajib<J)a-JiaKTajib6yMHHa nejioBeica H3 MOJioica. Ajn,(J)a-JiaKxajiB6yMHH (AJI) 
BLiflejianH H3 MonoKa HenoBeica no Mexoay, onHcaHHOMy b pa6oxe (Svensson et al, 2000). 
KoHxpojit ^mcxoxti npenapaxa npoBOAHJin c noMomtio fleHaxypnpyiomero 3neicxpo<j)ope3a b 
nonnaKpHJiaMHAHOM rene (IIAAr). 

3jieKTpo4>ope3 Soikob b IIAAr. A. 9jieKmpo<pope3 e denantypupytoinux yaioeiutx (Laemmli, 
1970). IIpo6Li RTVi 3Jieiapo(J)ope3a roxoBHJin cneayiomHM o6pa30M: k 5 mkji Semca c 
KomjeirxpaijHeH okoho 1 mt/mji flo6aBJi5DiH 5 mkji pacxBopa, coflep^aBniero 2% SDS, 2.5% 6exa- 
MepKanxoaxaHon h 0,01% 6poM<j)eHOJioBBiH chhhh, 3axeM HHKyGnpoBajiH Ha KHnamefl BOflflHOH 
6aHe b xeneHHe 3 MHHyx. 3jieicrpo<|)ope3 6ejnca b 8% IIAAr ocymecxBJianH b nnacxHHax c 
pa3MepaMH 10x10 cm npn rpaaneHxe Hanpfl)KeHHa 20 B/cm b reice cneayiomero cocxaBa: 8% 
aKpHJiaivom (aKpHJiaMHa/MexpuieH6HcaKpHnaMHfl=29:l), 37mM Tris-HCl, pH 9.4, 0.01% SDS, 
0.01% nepcyjit(J)ax aMMomra, 0.001% xexpaMexHJiaxHJieimHaMHH (TEME^) c Hcnont30BaHHeM 
ajieKxpoaHoro 6y<J>epa, coflep^cam;ero 0.125 M Tris-HCl, pH 6.8 h 0.1% SDS. 
E. /fucK-3JieKmpo<pope3 e kucjiou cucmeme (Maypep, 1971). K 3 mkji o6pa3i*a (15 mkt Semca) 
ao6aBJiajm 1 mkji 6y4>epa (60mM KOH-CH 3 COOH 6y<J>ep, pH 6.7, 50% nnmepHH, 0.001% 
MexHJioBBiH 3eneHBitt, 10% HacBimeHHBni cimpxoBOH p-p nHpoHHHa G). 3neKxpo<}>ope3 JiraoiiHMa, 



HHKy6HpoBaBiueroca c nenxnflOM h 6e3 nenxHaa npoBO^HJiH c HcnontsoBaHHeM 7.5% 
pa3aejunomero IIAAr, coaep^amero KOH-CH 3 COOH 6y<J>ep, pH 4.3 (70mM KOH, 2.5% 
CH3COOH, 7.5% aKpptnaMHfl (aKpHnaMHfl/MexHneH6HcaicpHnaMHa=29: 1), 0.01% nepcyjn><|>ax 
aMMOHHa, 0.001% TEME/J) h 5% KomjeHrpnpyiomero IIAAr coaepacamero Tris-HCl 6y(J)ep, pH 
6.7 (40mM KOH, 0.2% CH3COOH, 5% aicpHJiaMHA (aKpHnaMHa/MexHneH6HcaKpHnaMHa=29:l), 
0.01% nepcyjiB<J>ax aMMomia, 0.001% TEME/J). B Ka^ecxBe sjiercrpoaHoro HcnontsoBajiH p- 
anaHHH-aixexaxHBift 6y<J)ep, pH 4.5 (p-ajiaHHH - 31.2 r, CH3COOH - 8.01 mji, H2O - ro 1 n). 
HenocpeacTBeHHO nepea ynoxpeSneHHeM hcxoahbih 3JieKxpoara»ift 6y<j>ep pa3BO£HJiH b 10 pa3 
SHCTHJiJiMpoBaHHOH Boaott. 3jieicxpo<J>ope3 npoBoaHJiH b xeneraie 3 HacoB npH rpaaneHre 
noxerajnana 15-20 B/cm b annapaxe rjw BepxHKantHoro 30. 

OKpaiuueatiue 6ejiKoe e IIAAr c noMotubto ttumpama cepedpa. Ilocjie npoBeaeHHH 
3Jieicrpo(J)ope3a rent noMemanH Ha 1 *iac b 50 mji pacxBopa fljia oxmbibkh ot SDS (50 mji 96% 
axaHOJia, 10 mh nejimioii yKcycHofi khcjioxbi, 40 mji ancxHJUiHpoBaHHOH boabi). IIpH rayHeHHH 
ajieicipotJjopexiraecKoro pa3£ejieHHa ojmroMepoB nenxHAa b 50 mji pacTBopa flo6aBJiajiH xaioice 
(J)opMajitaerHA flo KOHe^mofi KomjempaitHH 1% ^jih (J)mccaixHH MOHOMepoB nenxima b rene. 
3axeM noMemajm rejn> Ha 30 MHHyx b 10% pacxBop (v/v) yiccycHOH khcjioxbi, nocne nero 
npoMtiBajiH rejn> ancxHrumpoBaHHOH bo^oh 3 pa3a no 2 MHHyxBi. IIoMemajiH rejit b0.1% pacxBop 
AgN03 Ha 30 MHHyx. IIpoMtiBajiH rejit aHCXHrumpoBaHHOH boaoh b xe^eHHe 20 ceicyHfl h 
noMemajm b npoaBHxejiB (3% co^bi 6e3BO£HOH, 0.1% (JjopMajitaerHAa, 0.0001% XHOcyjiB<j)axa Na). 
nocne npoaBJieHHa 30H (J)HKCHpoBajiH rejit b 10% pacxBope yiccycHOH khcjioxbi. 
CKaHHpyiouiafl iOH^OBafl (aTOMHaa CHJioean) mhkpockotihh. AxoMHyio CHJioByio 
MHKpocKora-no (ACM) npoBOflmiH Ha MHKpocKone «Solver-bio» (NT-MDT, 3eneHorpafl), 
CMOHXHpoBaHHOM Ha (jwiyopecijeHXHOM MHKpocKone «01ympus». QcaHHpoBaHHe npoBO^HJiH b 
nojiyKOHraKTHOM peaaaie c HcnojiB30BaHHeM KaHXHJiHBepa NSG 01-03. JJjw cop6iiHH o6pa3ijoB 
Hcnojn.30BajiH noBepxHocxH xojibko *ixo oxmenneHHOH ox Gnoica cjho^bi, noBepxHocxt cjiioah, 
noKptrroK yrnepoflHOH njierncoH h noBepxHocxB raaporejia. J\tw H3yHeHHa cxpyKxypti 
npoxo(|)HJiaMeHXOB Hcnojn.30BajiH npeABapmejiBHyio (|>HJiBxpaiuiio o6pa3u;oB nepe3 (J)Hjn>Tp c 
pa3MepaMH nop 0.2-0.4 MKM.H3MepeHHH napaMexpoB (J)n6pHJin npoBoamiH c noMoujBio naicexa 
nporpaMM NT-MDT Nova. 

rejib-<))HJibTpaqHfl. TejiB-(J)HJiBxpaijjQO ojmroMepoB nemxma ID ocymecxBJiajiH Ha Konomce 
1,5x15 cm c TOYOPEARL HW-50, ypaBHOBenieHHofl 6y$epoM 0.1 M Tris-HCl pH 7.5, 0.1 NaCl. 
/Jjih npefloxBpameHHH (J)HKcaitHH Ha Konomce BBicoKOMoneKyjiapHtix arperaxoB npo6y 
npe^BapHrejiBHO u;eHxpH<j)yrHpoBajiH b xeneraie 10 MHHyx Ha ijeHxpH<J>yre «Eppendorf» npn 13400 
o6/mhh. CynepHaxanr HaHOCHJiH Ha KOJiomcy npn CKOpocxn sjnoHpoBaHHH 1 mji/mhh. 
PeracxpauHK) npoBO^HJiH c noMomBio chcxcmbi Uvicord <|)HpMBi LKB. Konomca Kajin6poBajiacB c 



noMomtio CTaimapxHoro Ha6opa 6enKOB H3BecxHofl MOJieicyjiHpHOH Maccti. KannGpoBOHHtiH 
rpatJ)HK crpoHJiH c Hcnojn>30BaHHeM Mexoaa nHHeHHott perpeccnn, peajnnoBaHHoro b naicexe 
nporpaMM SigmaPlot 

IIOHCK MOTHBOB B aMHHOKHCJIOTHMX nOCJieflOBaTeJIbHOCTJIX. /Jjlfl nOHCKa CHMMeTpif^HBIX 

y^aciKOB b npoTflaceHHtix nocneaoBaxejitHOCTax Hcnont30BajiH opnrHHajibHyio nporpaMMy, 
HanHcaHHyio Ha asLnce C. C noMomLio axon nporpaMMBi ocymecxBJiajica noncK cooxBexcxBHa 
Mexgiy BceMH bo3mo)khbimh ^acncaMH b nocjie^oBaxentHocxH, 3anHcaHHoH b HanpaBJieHHH N- 
KOHeu; - C-KOHeu; h ynacxicaMH xoh ace nocjieflOBaxentHocxH, 3anHcaHHtiMH b o6paxHOM 
HanpaBJieHPiH. J\wl noncKa CHMMexpHH Bee aMHHOKHCJioxHBie ocxaxKH pa36HBajiH Ha 4 rpymrti - 
3apaaceHHBie nojioacnxejiBHO (H, R, K), 3apaaceHHtie oxprajaxentHO (E, D), nonapHBie (Q, N, T, H, 
R, K, E, D ), rnApo(J)o6HBie (Y,A,L,W,G,I,V). OnrranH, hxo nocneaoBaxejiLHOcxL CHMMexpinma b 
cnynae, Koraa no3HDjm aMHHOKHcnoxHLix ocxaxKOB H3 o^hoh rpynnti b nocneflOBaxentHOCTH, 
3anHcaHHOH b HanpaBneHHH C-N, coBnaaajin c no3HUH£MH aMHHOKHcnoxHtix ocxaxKOB xoh ace 
rpyimti b nocneAOBaxentHocxH, 3anHcaHH0H b npoxHBonojio)KHOM HanpaBneHHH. Ox6op Han6onee 

CHMMexpH^HBDC yHaCXKOB IipOH3BOflHJIH no MaKCHMyMy OXHOIIieHHH: «KOJIH l ieCXBO CHMMexpHMHBIX 

ocxaxKOB b y^acxKe»/«anHHa y^acxica». 

Mo^ejinposaHHe npocrpaHCTBeHHOH CTpyicrypbi neirrHflOB in silico. MoflennpoBaHHe 
npocxpaHCXBeHHofl cxpyicrypLi nemxmoB ocymecxBJianH c noMomtio opnrHHajitHOH nporpaMMBi, 
HanncaHHOH Ha a3tnce C c Hcnont30BaHHeM nporpaMMHBix naKexoB GROMACS h SMMP. B 
ocHOBy nporpaMMBi nonoaceHa KomjenuiDi onxHMraaijjiH no SHeprnn c Hcnojn>30BaHHeM 
reHexn^ecKHX anropHXMOB (TA) (Dcansbo et al, 2004). IIporpaMMa HanncaHa Ha a3tnce C h 
BLmonHaexcH noa onepaunoHHofi cncxeMon LINUX. Bee Hcnont30BaHHtie nporpaMMBi HBJiaioxca 
SecnjiaxHtiMH rjdl aicaaeMHTOCKHX nojn.30Baxenefl h Haxoflflxca b cbo6oahom flocxyne b cexn 
ItarepHex. 

^OKHHr nenTH^a ID. Mli npoBO^HJiH KOMntioxepHoe MoaennpoBaHHe o6pa30BaHHa 
onHTOMepHBix KOMnjieKCOB nenxnaa ID c noMombio nporpaMMBi Hex 4.5 (Ritchie, Kemp, 2000), 
ocymecxBJisnomeft ^okhht. Mbi npoBOAHnn pacnexBi c yroxoM aneKxpocxaxiraecKHX 
B3aHMOAeflcxBHH Meacay axoMaMH. /Jokhht ocymecxBJUDiH no cneayiomeH cxeMe: MoaennpoBajiH 
B3aHM03eflcxBHe 3Byx o6i>eicroB (moho- hjih ojiHTOMepoB nenxHAa), 3axeM nonyHeHHyio 
cxpyicrypy onxHMH3HpoBajiH no SHeprHH c Hcnojit30BaHHeM KOMMepnecKoro naicexa nporpaMM 
Hyper Chem 7.01. OnrHMH3HpoBaHHyK> cxpyiaypy Hcnont30BajiH Ha cjie^yiomeM mare 
Mo^ejiHpoBaHHa xojilko b xom cny^ae, Kor^a cyMMapHaa SHepma cocxaBJisnomnx ero nacxefl 6tina 
BLnne, MeM 3Heprna onxHMH3HpoBaHHoro o6pa30BaBiiieroca ounroMepa (c y^iexoM aHeprnn 
rHApaxaujiH). TaKHM o6pa30M mbi PT36eranH noHBJieHHa SHeprexiraecKH HeBLiro^Htix cxpyicryp h 
BLiGnpajiH xojibko nyxH onHTOMepraaijHH, npoxofljnujie Hepe3 SHeprexiraecKH BHro^HBie cxaAHH. 



IIpHroTOBJieHHe npenapaTOB (JmSpHJiJi neirraaoB. 5 Mr nemxma WT hjih ID pacxBopjuiH b 1 
mji AHCTHJumpoBaHHoH boabi b npoGnpice xnna «3nneimop<])» o6i>eMOM 1.5 mji h HHKySnpoBajiH 
24 ^aca npn xeMnepaxype 55 °C npn nocxoaraioM nepeMeiuHBaHHH. 

IIpHroTOBJieHHe npo6 ^jih iiiMepeHiiH 4>jiyopecqeHUHH KOMnjieKCOB oSpasqoe c 
THOc^JiaBHHOM T. H3MepeHHe (JwiyopecixemjHH komttjickcob xnocjwiaBHHa T (TliT) c <J)H6pHJiJiaMH 
npoBOflHJiH no MexoAy, onncaHHOMy (Le Vine, 1993). PerHcxpaipno cneKxpoB <J>Jiyopecu;eimHH 
npoBOflHJiH c noMomBK) cneKxpo<J)JiyopHMexpa AvaSpec-2048 hjih cneicxpocjwiyopHMexpa PTI. 
3jieKTpoHHafl MHKpocKonHfl 4>n6pn.TiJi. IIoaroxoBKy npenapaxoB fljia aneicxpoHHOH 
mhkpockoiihh ocymecxBJisuiH no cxaHAapxHott MexoAHKe HeraxHBHoro KOHxpacxHpoBaHHJi. 
HccjieaoBaHHa npoBOAHjm Ha aneKipoHHOM MHKpocKone JEOL JEM 100S hjih TESLA BS 100 npH 
ycKopaiomeM HanpaaceHHH 80 kB. 

H3MepeHHe <J)epMeHTaTHBHOH aKTHBHOCTH .HHiouHMa. Akxhbhocxb JiH30ixHMa onpeaejiajiH no 
cxaHflapxHOMy Mexo^y (Parry et at, 1965). B icanecxBe cy6cxpaxa Hcnojn»30BajiH npenapaxBi 
KneroHHOHCxeHKHM luteus. 

IIojiyMeHHe <J>n6piuiJi JiHioqiiMa h a.ib<t>a-JiaKTa.rib6yMiiHa. OhSphjijibi JiraoijHMa nojiynajin 
cjie^yiomHM o6pa30M: 10-28 mt jmsoixHMa pacxBopajin b 0.5 mji flHCXHJUinpoBaHHOH bo^bi, 
ao6aBJiajiH 2M pacxBop NaCl h 1 M Gly-HCl 6y<J>ep pH 2.0 flo KomjeHipaijHH 0.1 M h 0.5 M 
cooxBexcxBeHHO. KoHe^maa KorajeHipaujoi JiraounMa cocTaBJiana 5-14 mt/mh. IIpo6y 
HHKyGnpoBajiH npn 55°C npn nocxoaraioM nepeMeniHBaHHH b xeneHne 5 cyxoK. ®h6phjijibi AJI 
nojiy^ajiH no Mexo^y, onncaHHOMy {Goers etal, 2002). 

PE3yJIbTATbI H OBCy^C^EHHE 

3epKajibHO-CHMMeTpHMHbie MOTHBbi b nocjieAosaTejibHOCTflx 4>H6pHJiJioreHHbix 

nenraflOB. O^hoh H3 3afla*i Hccne^oBaHHe HBJianocB onpeaejieHne aMHJioHaoreHHBix 

aexepMHHain AJI MenoBeica h JiraoijHMa KypHHoro anija. HH<j)opMaijHH o pacnojioaceHHH xaKHX 

y^acxKOB b nocjieaoBaxejiBHOcxH 6ejncoB Mo^cex nocjiy^orxb ochoboh rux. co3flaHna nenxnflHBix 

HHTHGHXOpOB 06pa30BaHHfl XOKCHTOBDC Iipe(J)H6pHJIJiapHBIX (|>OpM H <J)H6pHJIJIOreHe3a 3XHX SeJIKOB. 

Mbi npoBejiH noncK oco6eHHOcxen nepBinHOH cxpyicxypBi H3BecxHBix <J>n6pHJiJioreHHBix nenxnaoB 
c u;ejiBK) BBiHBJieHHa cxoahbdc oco6eHHOcxefl b nocneaoBaxejiBHOcxflx AJI h JiraoijHMa. 
3epKajibHO-citMMempimHbiii Momue e nocjiedoeamejibnocmii mpancnuipenuina (TTR). B 
SKcnepHMenxax no royHeHHio (J>H6pHJinoreHe3a TTR, BBmojmeHHBix paHee b Hanien JiaSopaxopnn 
6bmo noKa3aHO, hxo orpamraeHHBin npoxeojiH3, BeAymnH k yxpaxe C-KomjeBoro (JjparMema 111- 
127 npHBoanx k noxepe flaHHBiM SejncoM cnoco6Hocxn k <])H6pHJUioreHe3y. rimpojira nenxHflHon 
CB33H nocne 110 a.o. xaioKe npnBoanx k yxpaxe ijejiocTHOCTH y^acxica TTR 105-115. 
HcKyccxBeHHtiH nenxHfl, cooxBexcxByiomntt axoMy ynacxicy, cnoco6eH k <J>n6pHJiJioreHe3y in vitro 



(Jaroniec et at, 2002) nocjieflOBaTentHOCTt neiroma 105-115 TTR npHBeaeHa Ha pnc. 1A. 
IIojioaceHHe caftxa, no KoxopoMy nponcxoflHX oxmeimeHHe, noKa3aHO 3Be3aoMKofl. Mecxo 
pacmeimeHMa nenxHAHOH cbjkh pacnojiaraexca 6jih3ko k ijenrpy <J>H6pHJiJioreHHoro neiroma, 
noaTOMy mbi CAejiajiH npeAnojioaceHHe o xom, hto ana <|)H6pHJiJioreHe3a BaacHO Hajurane ero C- 
KomjeBoro (111-115) y^acxica. OSHapy^eHHofl HaMH oco6eHHOcxBio nepBK^Hott cxpyicxypBi 
neniHAa 105-115 TTR flBJiaexca to, mto ynacxoic 105-114 3epKajn»HO-CHMMexpH i mBiM moxhbom 
(3CM) (pHC. IB). 3CM iipeflcxaBJiaex co6oh (JjparMeHX aMHHOKHCJioxHofl nocneflOBaxentHOCTH, 
coflep^camjiH ijenrp CHMMexpHH, Ha paBHOM paccxoaHHH ox Koxoporo no HanpaBJieHHio kN-hC- 
icorajy Haxoaaxca HaeHxiraHBie hjih 6nH3KHe no rxmpotJ)o6HocxH a.o. 



10 5_YTIAAL*LSPYS_115 
B 

TTR_10 5-115_N-C 10 5_YTIAA+LLSPYS_115 
TTR 105-115 C-N 115 SYPSLL+AAITY 105 



Phcvhok 1. A. nojioxcemie cafixa ncApojnua b nocjieaoBaTe/ibHocm i[>H6pHJiJioreHHoro nenTH^a 105- 
115. B. Mothb 3epKajn>Hoii CHMMfTpHH b nenTHAe 105-115 TTR. (*) - oSosHaneHbi coBna^aiomHe 
ocxaTKH, (:) - o^HHaKOBbie no 3apjmy/rHflpo<j)o6HOCTO, (.) - coBnaaaiomHe no nojiapHocm 3HaKOM + 
oSosHaneH qemp CHMMexpHH. ^ajiee, ecjin 3xo He oroBopeHO oco6o, UBeTOBbie o6o3HaneHHfl coxpaHJiioTCfl 
h j\nn noHCKa roMOJiorHH Hcnojib3yeTca nporpaMMa CLUSTAL X (1.83). 

rnflponra nenxn^HOH cb$t3h nocne 111 a.o. npHBOflHT k yxpaxe CHMMexpnn b sxom <|)parMeHTe. 
Mbi cflenann npeanojioaceHHe, mxo HMeHHO HapyineHne CHMMexpHH bo (JjparMeHxe 105-115 
ABJiaexcfl KpHXH^HLiM rjul (|>H6pHJiJioreHe3a TTR. 

3epKOJibHO-cttMMempimHbiii Montiie e nocjiedommejibHocmii 0u6puJUlo^eHHO^o nenmuda us 
MisotyiMa (pcua T4. HamraHe 3CM o6Hapy^eHO HaMH TaioKe h b HeKoxoptix apyrax 
ecxecxBeHHtix n CHHre3HpoBaHHtix (J)H6pHnnoreHHLix nenxn^ax. Taic, 3CM npncyxcxByiox b 
nocneaoBaxejitHocxH <j>H6pHJinoreHHoro nenxnaa (11-36) H3 nraoijHMa (f>ara T4 (Liu eta/., 2004). 
Ha pnc. 2 npeacxaBJieH 3CM (1 1-3 1), npncyxcxByiomHH b sxom nenxn^e. 



T4LYZ_N-C 11_EGLRLKIYKDTEGYYIIGIGH_31 

T4LYZ C-N 31 HGIGIIYYGETDKYIKLRLGE 11 



. * . * 



Phcvhok 2. Pacnojio»ceHHe mothb a sepKajibHOH CHMMexpHH b nocjie^OBaTejibHOCTH 

4>H6pHJUioreHHoro nenTH#a hs JiH30i(HMa 4>ara T4. 

Ilenmud KFFEAAAKKFFE. n-n-cnwKum u uonnbie esauModeucnteun. Ha pnc. 3 npeflcrraBJieHa 

nocneaoBaTejiBHOCTL HenpnpoflHoro (J)n6pHJinoreHHoro neiroma KFFEAAAKKFFE, onncaHHoro 

b pa6oTe (Makin etal, 2005). Mbi o6Hapy)KHJiH, mto oh xaioice coaep)KHX 3CM 
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AB1_N-C_ KFFEAAAKKFFE 

ABl C-N EFFKKAAAEFFK 



■ *• * ■ *■ * ■ * *■ . 



PHcyHOK 3. 3CM b nocjieflOBaiejibHocxH <J>H6pHJiJiore HHoro nenxH/ja, onHcaHHoro b pa6oTt (Makin et 
al, 2005). 

B pa6oTe (Makin et al, 2005). 6luio noKa3aHO, hto ochobhhmh B3aHMoaeflcxBH5iMH 3 
cxaSMJiHSHpyiomHMH cxpyicrypy <J>h6phjijibi, HBJiaioxcH BoaopoflHtie cba3h Meac^y 
aHTMnapannejitHBiMH 6exa-xa)KaMH, opHeHXHpoBaHHtiMH nepnermmcyjiapHO och <J)h6phjuibl 
OxflentHtie naHKH Gexa-xaaceft BsaHMoaeftcxByioT Meacay co6oh 3a cnex tt-tt BsaHMoaeficxBHH 
Meac^y (JjeHPUianaHHHaMH Ha Korajax nenxnaa. Ilpeflnojiaraexca, hxo BsaHMoaettcxBiia MOK^y 
Gokoblimh iienaMH a.o. npHBOflax k cSniDKeHHK) asoxoB h KHcnopoaoB nenxHflHbix CBfl3efi 
MOHOMepoB h xaKKM o6pa30M cnoco6cxByiox o6pa30BaHHK» BoaopoaHBix CB^neH Meacay 
ox^enLHBiMH 6exa-x$DKaMH 

rudpo<po6Hbie aMiinoKiicjiomttbie ocntantKU e 3CM. B pa6oxe (Sedman et al, 2005) onHcaH 
MHHHMajitHBiH <J>H6pHnjioreHHbift <J)parMeHi aMHJiHHa (SNNFGAILSS). Mli oSHapyaouiH, ^rxo oh 
xaioKe coflepxarr 3CM, o^HaKO He coaep^in 3ap$DiceHHbix ocxaxKOB (pnc. 4). IIo-BHflHMOMy, b 
4>H6pHJinoreHe3e xaKoro neixrHfla nrpaex pont BsaHMoaettcxBHe Me^ay ixmpo<j)o6HbiMH 
ocxaxKaMH. Pojib nepHoapraecicoro pacnonoaceHHa rHApo<|)o6HEix ocxaxKOB h CHMMexpHH hx 
pacno.io^ceHiia b ^^piLTioreHeie 4)parMeHTOB 6eTa-aMmioimHoro nenxima oocy^AaeTca b 
pa6oxax (Tjembergetal, 2002; Wang, Hecht, 2002). 

Iappmin_C-N 53_SNNFG+AILSS_62 

Iappmin_N-C 62_SSLIA+GFNNS_53 

* . *■ 

PifcyHOK 4. SepKajibHO-CHMMexpHMHbiH moxhb b nocjieflOBaxejibHOCTH 4>H6pHJUioreHHoro ncnxH^a m 
aMHJiHHa. 

/Jpyimi npniviepoM yHacxna rnapo(|)o6m»ix ocxaxKOB b <J>opMHpoBaHHH <J>h6phjiji aBJiaexca 
HCKyccxBeHHBiH aMHJioHfloreHHbift nenxim, cooxBexcxByiomHtt KOHcepBaxHBHOMy y^acxicy 
npnoHHbix 6emcoB MJieKorarxaiomHX AGAAAAGA (Gasset et al, 1992). Taicon nemrm cocxohx 

XOJIBKO H3 rxmp0(J)06HBIX OCXaXKOB H flBJIHeXCfl nOJlHOCXbK) SepKaJEBHO-CHMMexpH^HblM (pnc. 5). 

prP_N-C AGAA+AAGA 

prP_C-N AGAA+AAGA 



+ *•*■*■ * * ir * 



PHCVHOK 5. 3fpKaJlbHO-CHMMfXpHMHbIM 4> H ^P HJUlOrfHHblH nenXH/J, COOTBeTCTByiOUJIfH 

KOHcepsaTHBHOMy ynacTKy npHOHOB MJieKonHxaiouiHX. 

IIo3AHee 6bino noKa3aHO (Norstrom, Mastrianni, 2005)^ mxo Hajm^me xaKoro CHMMexppnmoro 

rnApo(J)o6Horo y^acxKa b npnoHHOM Semce aBJiaexca HeoGxoflHMLiM rjdl ramyKUHH 
(J)H6pHJinoreHe3a npn 3apa^eHHH xoM^nca npHOHHbnvi SemcoM. 
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IIojuipHbie OMunoKiicjiontbi e 3CM. C Apyrofi cxopoHti, H3BecxHa npocxpaHCXBeHHaa cxpyicxypa 
rHApo(J)Hni>Horo <J>H6pHnnoreHHoro neixiHAa, roMOJiomraoro <J)parMeHry npnoHHoro Geinca 
ApoaoKeH (pnc. 6) (Nelson et ah, 2005). B i^eirrpe Taicoro nenxima pacnonaraioxcfl nojiapra»ie 

aMHHOKHCJIOTHLie OCTaTKH. BsaHMOfleHCTBPM MOKfty aMHHOKHCJIOXHBIMH OCTaTKaMH, 

oGycnoBJiHBaiomHe <J>H6pHJinoreHe3 axoro nennma, cxeMauraecKH npeAcxaBneHBi Ha pncyince 6. 

IlenTHa xaicace coaep^Hi 3CM. 

+ 

prYeast_N-C_ GNNQQNY 

prYeast_C-N_ YNQQNNG 

* * *■ 

PHcyHOK 6. CHMMfTpHH b <|>H6pH JuioreiwoM nenTHAe, roMOJiorHHHOM ynacTKy npHOHHoro 6ejnca 

GNNQQNY GNNQQNY 

* * * * * # 

GNNQQNY GNNQQNY 

* *■ * * * * 

GNNQQNY GNNQQNY 

Phcvhok 7. CxeMa o6ycjioBJiHBaioii|HX <j>H6pHJiJioreice3 B^aHMO^eiicTBHH Me»c^y 
aMHHOKHCJioTHbiMH ocTaTKaMH nenxHAa GNNQQNY. Mojieicyjibi nenTH^a b cocxaBe 4>h6phjtji 
pacnojiaraioxcH napajuiejibHO - h npoHcxoflHX B3aHMOfleHCXBHe MOKjjy Sokobmmh ocxaxicaMH, 
BbiflejieHHbiMH Ha JieBOH nacTH pHcyHKa. TaKHe cxoracH napajuiejibHO pacnojio^ceHHbix MOJieicyji cnocoSHbi 

B3aHMOAeHCXBOBaTb XaiOKe (CO CflBHrOM Ha 1 aMHHOKHCJIOTHblH OCXaTOK) MOKfly C060H. 3Be3flOHKaMH (*) 

o6o3HaneHbi cbhsh MOK^y Sokobhmh uemiMH aMHHOKHCJioxHbix ocxaxKOB (no Nelson et al, 2005). 
IIojiuaMUHOKUcjiombi. CymecxBytox, no KpattHefl Mepe, flBa 3a6oneBaHHa, naxoreHes Koxoptix 

CBfl3aH C 06yCJ10BJIHBaK)mHMH HX B03HHKHOBeHHe aHOMaJIBHBIM <J)H6pHJIJIOreHe30M 
rOMOaMHHOKHCnOXHLIX jrqacXKOB B nOCJie£OBaxeJIBHOCX5DC 6eJlKOB - 3X0 60Jie3HB XaHXHHTXOHa 

(B03HHKHOBeHHe nojiHrnyxaMHHOBoro ynacxKa) h OKyno(|>apHHreajiBHaH MHOAHCxpo<j)Hfl: 

(B03HHKHOBeHHe nonHajiaHHHOBoro yHacxica). Kpoivie xoro, otocoGhocxb o6pa30BBiBaxB <])H6pHJinBi 

in vitro noica3aHa ana nonHJieHijHHa, nojmrnyxaMHHOBOH khcjioxbi h nonnnraHHa (Fandrich, 

Dobson, 2002). 

3aKJitoHenue. Pont 3epKanBHO-CHMMexpH i on>ix y^acxicoB bo B3aHMoaeHCXBHH SemcoB 6tina 

BnepBtie noKa3aHa b pa6oxe UlnaKOBa (UlnoKoe, 1998). IlpHBeaeHHBie BBinie aaHHBie npHBenH Hac 

k rHnoxe3e o ponn 3epKanBHO-CHMMexpHqHBix moxhbob b (J)H6pHnnoreHe3e HeicoxopBix GexncoB h 

nenxHAOB. IIoaxoMy ajih BtmojiHeHPia 3a#aMH noncKa aMHJioHAoreHHBix AexepMHHanx ajn>4>a- 

jiaKxanB6yMHHa h nraoijHMa mbi npoBenH noncK 3epicajiBHOH CHMMexpHH b aMHHOKHCJioxHBix 

nocneaoBaxejiBHOcxax sxhx GemcoB. 

FIpeACKaiaHHe (jHiSpujuioreHHofi AeTepMHHaHTbi HHcyjiHHa. Mbi co3AanH KOMnBioxepHyio 

TTpOrpaMMy flJIH nOHCKa MOXHBOB 3epKaJIBHOH CHMMexpHH B npOX^aceHHBIX aMHHOKHCJIOXHBIX 

nocneAOBaxejiBHOcxax h npoBenn xaKofl noncK b nocneAOBaxenBHOcxax 6enKOB h nemxmoB c 
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HeraBecTHtiMH (J)H6pHnnoreHHi>iMH aexepMHHaHxaMH. Ilpn aHanrae nepBHraoft CTpyicrypLi 
HHcyjiHHa HaMH 6lui o6HapyaceH MaKCHMantHO CHMMexprnHtiH neixrHfl (10-16) b ijenH B axoro 
Seinca. Cxpyicrypa TaKoro MOTHBa npeacxaBJieHa Ha pnc. 8. 



INS_N-C 10_HLVEALY_16 

INS C-N 16 YLAEVLH 10 



• * * * - 



PiicyHOK 8. CTpyKTypa 3CM (10-16 a.o.) b ijenii B HHcyjiiwa. 

IIo3AHee b pa6oTe (Gibson, Murphy, 2006) 6bdio noKa3aHO, *rro aaHHbift (JjparMeHi HBJiaexca 

(J)H6pHJinoreHHoH AexepMHHaHxoft MHcynHHa. Ha ocHOBaHHH sthx aaHHtix aBTopaMH 6bui cos^aH 

nenxHflHBiH hhthShtop (J)H6pHnnoreHe3a, npeacxaBJiaiomHH coSoft xaKofl neirom c aoGaBJieHHeM 

5 aprHHHHOBBDC OCTaTKOB c N-Komja. 

Onpe^ejieHHe noTeHunajibHbix aMHJioimoreHHbix aeTepMHHaHT b nocjieaoBaTejibHocra 

ajib4>a-JiaKTajib6yMHHa. 

3CM e nocjiedoeamejibHocmii AJI. Mbi npoBenH noncK 3CM b nocjieaoBaxenbHocxax AJI 

MejioBeKa. Ha pnc. 9 npHBeaeH HanGojiee CHM&iexpiraHbiH y^acxoK b nocneflOBaxentHocxH AJI. 

+ 

LALB (C-N) 35_GYDTQAIVENNESTEYG_51 

LALB (N-C) 51_GYETSENNEVIAQTDYG_35 

**■* * *■** 

PncyHOK 9. Han6ojiee CHMMexpHMHbifi ynacTOK b noejie/ioBaxejibHoeTH AJlHejioseKa. 

J\jul ray^eHHfl 4>H6pHJinoreHHbix cbohcxb y^acxica 35-51 AJI ^enoBeica xaKofl nenxHA 6bin 
CHHxe3npoBaH, h 6buiH rayneHbi ero <j>H6pHJUioreHHbie CBoflcxBa. 

<Pu6pllJlJlo^eHe3 nenmuda 35-51 AJI. npn aneKxpoHHoH mhkpockotthh nenxpma, HflemrraHoro 
y^acxKy 35-51 AJI ^enoBeica (nenrpm WT), HHKyGnpoBaBiiieroca b ycnoBHax jsjw 
(J)H6pHiuioreHe3a AJI, HaSnioflajiH copGnpoBaBinHeca Ha noaJioacKe <J>HJiaMeHXbi xonmnHofl okojio 
10hm(phc. 10). 




PncyHOK 10. PesyjibTaTbi 3JieKxpoHHofi MHKpocKonHH 4>h6phjiji nenxH/ja WT. npHMoyrojibHHK b 
jieBOM yrjiy cooxBeTCXByex 1 mkm. Ha6jiK>aaK>TCH KaK oxflejibHbie (J)H6pHJiJibi, xaK h nyHKH (JmSpHJiJi. 
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OntiTki no H3MepeHHK> (J)jnoopeci|eHiJHH TliT noica3ajiH, ^to xaicne (|>h6phjijibi ciiocoGhbi 

yBenpraHBaxB KBaHTOBLm bbdcoa <J)Jiyopeci|eHijjiH axoro KpacHxeira, hto aBJiaexca cbohcxbom, 

xapaicrepHLiM hmchho rjdl aHOMajiBHBix <J)h6phjijl Hajm^me <J>h6phjiji xaicxce 6bdio noflXBepagneHO 

c noMomtio ACM. 

HndyKUfiui ^^l6p^ulJlo^eHe^a. Bbdio noica3aHO, mto <|>h6phjijibi nennma WT ciioco6hbi 

ramyijHpoBaxB <J>H6pHJinoreHe3 AJI, hto CBHfleTentcTByeT o npHcyxcTBHH b ero 

nocneaoBaxejiBHOCTH <j>H6pHnjioreHHoft flexep&iHHaHXBi axoro Geinca. 

Cos^aHiie nenTH^a Ha ocHoee nepenMHOH CTpyicrypbi CHMMeTpHHHoro ynacTica 6eTa-flOMeHa 

ajib4>a-JiaKTajib6yMHHa. 

J\jvl rayMeHHa pojiH CHMMeTpiwHtix <J>parMeHXOB b <J>H6pHJiJioreHe3e nenxHfla WT h AJI 6bdi 

CHHie3MpoBaH nemxm, GYDTQTWNNNGHTDYG, oSnaaaiomHti 3epKajn>HOH CHMMexpneft h 

roMonorpfqHBitt nemxmy WT (pncyHOK 11). 

A 

id GYDTQTWNNNGHTDYG 

lalb GYDTQAIVENNESTEYG 

***** •*.** *•** 



id_C-N GYDTQTWNNNGHTDYG 

id N-C GYDTHGNNNVVTQTDYG 



PHcyHOK 11. (A) BbipaBHHBaHHe nocjie^oBaTejibHOCTeH ynacTKa 35-51 JIA h nenxH^a ID. (B) 3CM b 
nenTH/je ID. 



nocneflOBaxejiBHOCTB nemxma ID oxjuraaexca inecTBio aMHHOKHcnoxHBiMH ocxaxicaMH ox 
cooxBexcxByiomero ynacxKa nocneflOBaxejiBHOcxH anB(|>a-JiaKxajiB6yMHHa HenoBeica, npHTOM 
3aMeHBi a.o. c cymecxBeHHO oxniwaiomHMHca CBoflcxBaMH npoBefleHBi b ijempanBHOH ero Hacxn. 
B KanecTBe nepBoro axana npoBepKH HajnraHH noxerajnajiBHOH ctiocoShocxh xaKoro nenxnaa k 
(|)H6pHJiJioreHe3y mbi npoBejiH KOMiiBioTepHoe MoaennpoBaHHe ero npocxpaHCXBeHHoR cxpyiaypBi. 
Modejinpoeamie npocmpaHcmeennou cmpyKtnypbi nenmuda ID in silico. J\wi MoaenHpoBaHHH 
npocxpaHCTBeHHofl cxpyKxypbi nenxH^a ID in silico mbi HcnonB30BajiH opHTHHanBHyio 
nporpaMMy, HcnonB3yiomyK) Mexo^Bi MoneKyjiapHOH MexaHHKH h KOHijeimHio reHexmecKHX 
anropHXMOB. Taicon BBi6op 6bdi oSycjioBJieH HecKonBKHMH npmHHaMH: (i) HcnonB30BaHHe 
Mexo^a reHexmecKHX anropHXMOB no3Bonaex peniHXB npoSneMy «HyjieBoro npH6jiH5KeHHH», xo 
ecxB npn HcnonB30BaHHH HanieH nporpaMMBi KOH^opMaujra, nonynaiomaaca nocjie onxHMPnaixHH, 
He 3aBHCHX ox KOH(J)opMaupiH, 3aflaHHofl b KanecxBe Ha^anBHofl; (ii) Co3flaHHaa HaMH nporpaMMa 
no3BOJiana onxHMH3HpoBaxB npocTpaHCXBeHHyio cxpyicrypy nenxnaa c y^exoM SHeprnn 
ruApaxaijHH; (iii) CpaBHeHHe 3HaHeHna 3HeprnH, BBrmcneHHBix jjjw cxpyicryp, 
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oiTTHMraHpoBaHHtix c noMoiiiLio HanieH nporpaMMLi h c noMomtio HecKontKHX KOMMepMecKHX 
naKeTOB nporpaMM noKa3aiio, mto nony^eHHaa c noMomtio Hameli nporpaMMLi cxpyicxypa HMeeT 
MHHHMajiLHyK) SHepmio. B pe3yjn>xaxe MOAennpoBaHiia mli nony^HJiH cxpyicrypy neiroma, 
o6jiaaaiomyio MHHHMajiLHOH SHeprnett h MHHHMajiLHOH irmpocj)o6HOH noBepxHocxLio. 
Modejiupoeanue odpmoeannn <pu6ptuui nenmuda ID in silico. IIpH B3aHMOfleftcxBHH 6enKOB 
cymecxByex 6ontinoe kojihtocxbo <J>aiciopoB, bjudhoiuhx Ha axox npoijecc, npnueM HeKOTopue 
4>aiaopLi, ocxaromneca: 3a paMKaMH HcnonL3yeMOH Moaenn, Moryx nrpaxL onpeaejraomyio pont. 
IloaxoMy BaacHO oxMexnxL, hxo, HecMoxpa Ha aocxoHHCXBa Mexo^oB MoaenHpoBaHHH 
B3aiiMOAeHCXBiiH in silico, aaHHLie, nonyneHHtie npn npoBeaeHHH xaKHX SKcnepHMenxoB, Bcer^a 
cneayex HcnonL30BaxL xojibko b Ka^ecxBe hcxo^hlix npeanonoaceHHH npn nnaHHpoBaHHH 
3KcnepHMeHXOB in vitro (Vi/loutreix, 2001). 

HeKoxoptie KOH<j)opMaitHH nenxtma ID, nonyHeHHLie b npoijecce MoaennpoBaHHa, in silico 
Gldih ctiocoGhli k o6pa30BaHHio (J)H6pHnnonoao6HLix arperaxoB. Ilpn sxom SHeprexiraecKH 
BLiroflPiBiM hbjbdiocb B3aHM0fleftcxBHe MOKpy flHMepaMH nenxHflOB npHBoaamee k o6pa30BaHino 
xexpaMepoB. IIpH aanBHefniieH onHTOMepraaujiH cxpyicxypaMH, y^acxByiomHMH b (J>opMHpoBaHHH 
(J)ii6pimjiBi, HBJiamiCL OKia- h 16-MepLi nenxima. 16 -MepBi 6ldih cnocoGHti k B3aHMoaeflcxBHK> 
Meacay co6oh 3a c*iex rHapotjjoGHLix KOHxaicioB Meacay ocxaxKaMH V7 h V8, 6oKOBBie ijenn 
KoxopBix OKa3tiBaK)xcH CHapy^KH 16-Mepa (pncyHOK 12). TaKHM o6pa30M 16-Mepti 6ldih cnoco6HBi 
oGteaHHaxLca c o6pa30BaHiieM nHHeHHofl cxpyioypLi xojduhhoh okoho 7 hm. 




PucyHOK 12. Pe3yjn>TaTbi KOMnbioTepHoro MOAejnfpoBamm o6pa?OBaHHH 16-Mepa nenxnj;». 

CpaBHeHHe SHeprnn B3aHMoaeHCXBH5i onnroMepoB, nojiyHeHHLix b pe3ynLxaxe aoKHHra, noica3ajio, 
mxo Han6onee cxaGioiLHLiMH abjihioxch xexpa- h OKxaMepLi neixiHAa. TaKHM o6pa30M, b 
pe3ynLxaxe KOMntioxepHoro MOflejnipoBaHHH (J)H6pHnnoreHe3a nenxHfla ID mli nonyMHnn 
cneayiomHe pe3yjiLxaxLi: (i) Ilenxim cnocoGeH o6pa30BLiBaxL (J)H6piuiJiapHLie cxpyiaypLi 
xojduhhoh okojio 7 hm; (ii) B3aHMoaeHCXBHa MOK^y C-KomjeBLiMH j^iacxKaMH MOJieicyn nemxma 
aBJiaioxcH kphxh^hlimh rjul o6pa30BaHHH ftHMepoB; (iii) B3aHMoaettcxBHa Meac^y 
CHMMexpn^iHLiMH N- h C- KomjeBLiMH y^acxicaMH MOJieicyn nemxma aBJiaioxca kphxhtolimh fljia 
o6pa30BaHHa xexpaMepoB; (iv) HanGojiee cxaGnnLHLiMH ojmroMepaMH HBJiaioxca xexpaMepLi 
nenxHAa; (v) HaH6ojiee aHeprexiraecKH BLiroflHOH nocneaoBaxenLHOcxLio coGlixhh npn 
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(|>H6pHJUioreHe3e neniHaa XBnaexcx nocneaoBaxentHoe o6pa30BaHHe ah-, Texpa-, oicra- h 16 
MepoB. 16- Mepti nenxima cnoco6ra>i B3aHMOAeftcxBOBaxt, b ochobhom, 3a cnex rrmpo^oGHtix 

B3aHM03eHCTBHH. 

<P^l6puJlJlo^eHe3 nenmuda ID .IIpH aneicrpoHHOH mhkpockotihh nemima, HmcyGHpoBaBinerocfl b 
TeneHHe cyTOK b ycjioBHax fljia <J)H6pHJUioreHe3a, Gliho blmbjicho, ^rxo Ha yraepoflHoft noflJK»KKe 
cop6MpoBanHCL npoTO(J)MnaMeHTLi xonmHHofl OKono 10 hm (pncyHOK 13). 




PncyHOK 13. Pe3yjibTaTbi 3JieicrpoHHOH MHKpocKonHH o6pa3qoB, coflepyKanjHX neninfl ID EejibiH 
np^MoyrojibHHK b npaBOM yrny cooTBeTCTByeT 200hm. 

TaioKe Hajraqne <J>h6phjiji 6bdio noflTBepacaeHO c no&iomtio ACM. HaGxnoaaeMaa TonmHHa 
npoTO(J)MJiaMeHTOB coBnana c tojuuhhoh <J>H6pHjniflpra>ix cxpyicxyp, o6pa30BaHHe kotopbdc 6luio 
npe3CKa3aHO b SKcnepHMenrax in silico. 

ycmouHuebie k SDS ojimoAtepbi e cocmaee (pudpiuui nenmuda ID. J\wi blihbuchhh onnroMepoB, 
^BJiaiomHxca sneMeHxapHtiMH cxpyicrypHBiMH e^HHHijaMH <J>h6phjiji, 6lui npoBeaeH 
fleHaxypHpyioiijHH 3Jieicxpo<])ope3 npo6, coflep^camnx (J)H6pHnjn.i neiroma. HaGnioflajiHCL 
MaacopHtie 3 ohm, cooxBexcTByiomHe no aneKxpo^opexiraecKOH iio3;bh5khocxh 7-7.5 ic/Ja (pncyHOK 
14). KpoMe xoro, HaGjno^ajiHCB MHHOpHBie 3 ohm, cooxBexcxByiomHe GojitnieMy MoneicyjiflpHOMy 
Becy. IIono^eHHe mhhophbdc 30H BapLnpoBano b 3aBHCHM0CXH ox cpoKa <j)H6pHJinoreHe3a. 



1 


2 




3 ^ 

87000 


Da 




6600C 


Da 


80003 


Da 




45OO0 


Da 




D,i 


GIOOJ 




124000 


Da 








eoooo 


Da 








14200 


o% 








6500 




700C 


Da 



Phcvhok 14. 3jieKTpo<J)opeTHMecKoe pa3#ejieHHe KOMnoHeHTOB $h6phjiji nennua b npHcyrcTBHH 

SDS. Ha aopoacice 1 - KOMMepnecKHH MapKep SIGMA,. MoneicyjiflpHbie Maccbi, cooTBexcxByiomHe 30HaM 
Ha Aopo)KKe 3, BbiHHCJieHbi c noMombio nporpaMMbi Total Labl20. Ohh cooxBeTCXByiox TexpaMepaM, 32, 
40- h 47-MepaM nerrmaa. 
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HHiepeceH tot <J>aicr, hto b cny^ae, Koraa npeaBapHTentHoro KHruraeHHH npo6ti b SDS He 
npoH3BoaHnocL, HaGmoaajiocB yMeHBineHHe HHTeHCHBHOCTH sohbi, cooTBeTCTByiomeH 
TeTpaMepaM. 3to CBimeTenBCTByeT b nonB3y toto, hto SDS cnoco6cTByeT flnccouHaijHH (JjhSpkjui, 
o6pa30BaHPQ>ix neiromoM, Ha HH3KOMOJieKyjiapHBie cocTaBnaiomHe, TaK KaK Sontuiafl ^acTB 
MaTepnajia Bceraa ocTaBanacB y Bxoaa b nymcy. npH KHroraeHHH npoSti c <J>opMaMnaoM He 
bbihbjihjihcb 30hbi, cooTBeTCTByiomHe MoneKyjiapHofi Macce nop$mica 7 K^a, ho HaGmoaajiocB 
noHBJieHHe 30hbi, cooTBeTCTByiomeH MoneKyjiapHofl Macce 2 ifla, mto cooTBeTCTByeT 
MOJieKyjiapHofl Macce MOHOMepa nenrima (aaHHBie He noica3aHBi). YcToftaHBOCTB KOMnoHeHTOB 
aMHnoH^HBix (J)H6pHJin k KfnuraeHHK) c SDS o6cy^aaeTCH b paGoTe (Ventura, 2005) KaK cbohctbo, 
xapaierepHoe hmchho rwl aHOManLHLix <J>h6phjijihphbix arperaTOB. B paGoTe (KpundyuiKUH u dp., 
2002) npn PT3yMeHHH npHOHHoro Gemca Sbdio noKa3aHO, mto no a B03fleflcTBHeM SDS arperaTBi, 
o6pa3yioii^Hxca npn 4>H6pnnnoreHe3e npnoHHoro Geinca, pacna^aioTca Ha onnroMepLi, cocroamHe 
b cpe^HeM H3 4-20 MoneKyji Sup35. Hajnrane ycroffaHBBix k SDS TeTpaMepoB CBimeTentcTByeT o 
pa3JiH i mH SHepraH B3aHM0fleftcTBHH, oSycnoBJiHBaiomHX cymecTBOBaHHe TeTpaMepoB h 
onnroMepHBix (J)opM 6onee bbicokoto nop^AKa. Baaoio OTMeiHTB, hto b KOMnBioTepHott MOflenH b 
(J)opMHpoBaHHH TeTpaMepoB neiroma onpeaexDnomnM HBJiaeTca B3anM0flencTBHe Me^cay N- h C- 
KOHiieBBiMH 3epKajiBHO-CHMMeTpH i iHBiMH y^acTKaMH nenraaa, ^rro kocbchho CBHfleTenBCTByeT b 
nojn>3y ponn 3CM b HaMajn»ra>ix 3Tanax (|>H6pHJiJioreHe3a. 

BmuiHiie nenmnda ID na ^^l6pluulo^ene^ All. fljia npoBepKH cooTBeTCTBHH aMHnonaoreHHBix 
aeTepMHHaHT anB^a-JiaKrajitSyMHHa h neiroma ID Slijih npoBeaeraj 3KcnepHMeHTLi no ramyBUHH 
(J)H6pHJinoreHe3a ajn><j)a-JiaKTajiB6yMHHa (J>n6pHJiJiaMH stoto neiroifla. 

B npeaBapHTentHLix SKcnepHMenrax Sbdio noKa3aHO, hto HHKyGaujra ajEB<J>a-JiaKTant6yMHHa b 
KomxeirrpaijHH 7 mt/mjt b PBS-6y<J>epe npn 55°C He npHBoanna hh k <J>H6pHJinoreHe3y, hh k 
arperaijHH 6emca (aaHHtie He noKa3am»i). IIpH aoGaBJieHHH 10 mkji boahoto pacTBopa nenrHAa ID 
b KOHixeHrpauHH 3 mt/mji k 1 mji TaKoro pacTBopa ^epe3 £Ba Haca rancyGaitHH npn 55°C 
HaGmoflajiH B03HHKHOBeHHe onajiecu;eHixHH, mto CBH^eTentcTBOBano 06 arperaijHH ant^a- 
naKrajiLGyMHHa. Taicne arperaTBi 6luih cnoco6Hti yBejnramaTB (JwnoopecijeHijHio THO<J)JiaBHHa T, 
mto yKa3tiBajio Ha cnocoSHoen. nemnaa HHAyujipoBaTB <J)H6pHJUioreHe3 h, cneaoBaTentHO, Ha 
HanHHHe b ero CTpyicrype <J>H6pimjioreHHBix aeTepMHHaHT ajn><J)a-JiaKrajiB6yMHHa. O^HaKO 
HaGjnoflaeMaa BemraHHa (JwnoopecijeHijHH 6BDia b 30 pa3 rorace, neM BemraHHa (JunoopecijeHijHH, 
BBBBmaeMott <J>H6pHJUiaMH, o6pa30BaBinHMHca H3 ajn»(J)a-JiaKTajiB6yMHHa b toh ace KomjeHTpaiijiH 
b ycnoBHflx fljia (J)H6pHJinoreHe3a. 3to orange motjto 6bitb CBH3aHO KaK c pa3Hraj;eH b 
KOJiH^ecTBe (J)h6phjiji, TaK h c pa3HrajeH b hx CTpyiaype. ^Jia pnyHeHHa CTpyicrypBi arperaTOB mbi 
npoBejiH aTOMHyio cnnoByio MHKpocKonmo o6pa3ii:oB JiaKranBSyMHHa, noflBepnneroca 
Hmcy6ai|HH npn 55°C b npncyTCTBHe nemHfla ID. HaSjuoaann KaK npoTa^eHHBie (J>H6pHJinapHBie 
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arperaxti, xaic h cext KopoxKHX 4>H6piDiJiapHLix arperaxoB (pucyHOK 15), HanoMUHaiomnx ijeHxpti 
poda 4>n6pKTDi. 




PncyHOK 15. CeTb kopotkhx 4>H6pHJiJi5ipHbix arperaTOB, Ha6jiioflaBiiiaHCflCfl b npo6e JiaKTajib6yMHHa . 
noflBepruierocH HHKySaijHH npH 55°C b npHcyTCTBHe nerrmaa ID. 

J\wl H3y^eHHa oSycnoBJiHBaiomux arperaipno B3aHMOflejicxBHH nenxnaa ID h ajn><|>a- 
naKxajitSyMHHa mli npoBenH rejn>-<j)HJiBxpaiijiK) cynepHaxaHxa, nonyMeHHoro nocne 
ij;eHxpH(|)yrHpoBaHHa pacxBopa JiaKxajn>6yMHHa, noflBeprmeroca HincyGaijHH npn 55°C b 
npncyxcxBHe nenxima ID b xe^eHHe cyxoK. IlojioaceHne imica npn rejn>-(J)HnBxpaijHH o6pa3ija 
coBnaaajio c nonoaceHHeM mnca MHornoGiiHa noiua^H (18 K^a), Hcnont30BaBiueroca rjvl 
Kajin6poBKH kojiohkh. IIpH 3xom nojiHocxLio Hc i ie3aji ithk, cooxBexcxByiomiiH MOHOMepy am>4)a- 
naKxajn»6yMHHa (14.2 Kfla) (pucyHOK 16). MoneKyirapHaa Macca 18 icfla cooxBexcxByex KOMTtueKcy 
MOJieKyjiti anL4)a-naKranL6yMHHa c flByMS MoneKynaMH nemxma. 




DM* H D|l I "2 



Piicvhok 16. XpoMaTorpaMMa rejn,-<|>HJibxpauHH ajn><J>a-JiaKTajib6yMHHa (npepbiBHCTan jihhhh) h 
ajn>4>a-JiaKTajn>6yMHHa, HHKy6HpoBaBmerocii c nennijoM (cnjiouiHan jihhhh). 

IIo JiHxepaxypHBiM aaHHtnvi {Xu et al, 2005)^ aiaiep ajn»(J)a-JiaKxanB6yMHHa SLnca HBJiaexca 
MHHKMajiBHOH npe(J)H6pHJiJiapHOH (J)opMOH axoro Semca, oGna^aiomeH ujixoxoKcxriecKHM 
aeflcxBHeM. CtiocoGhocxl flByx MOJieKyn nenxufla ID o6pa30BtiBaxL KOMimeKC c MOJieKynofi 
anB(|)a-JiaKxajn>6yMHHa no3Bonaex npeanojioacHXB bo3mo3khocxl ccnaaHJtfl HHraGnxopa 
xokcothocxh npe(|)n6pHnjiapHi>ix 4>opM antc|)a-JiaKiajn»6yMHHa Ha ocHOBe nenxHAa ID- 
MexaHH3M ynacTHfl 3epicajibHO-CHMMeTpHHHoro nenTH^a b 4>ii6pHJiJioreHe3e JiinoqiiMa. 
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Momue sepKOJibHoii cuMMempuu e nocjiedoeamejibttocntii Jimonwwa. IIohck mothbob 
3epKantHOH CHMMexpnn b nocneaoBaxejitHocxH nraoiiHMa KypHHoro aHi^a npifBen Hac k 
oGHapyaceHHio TaKoro MOTHBa b 6exa-flOMeHe axoro 6emca (pncyHOK 17). 



LYZ_N-C_ 3 9_NTQATNRNTDGSTDYGILQIN_58 

LYZ C-N 58 NIQLIGYDTSGDTNRNTAQTN 3 9 



PncyHOK 17. Pacnojioxcemie sepKajibHO-CHMMeTpHMHoro mothbr b 6eTa-£OMeHe JunoijHMa. 

runomem o pomi cuMMempuu 6 (pudpiuuioeeHese npomnMcennbix nentmidoe. B Hacxoamee 
BpeMfl eflnHCTBeHHMM npoxaaceHHtiM (6onee 15 a.o.) nemxmoM, fljia KOToporo iBBecxHa 
npocTpaHCTBeHHaa cxpyicrypa b cocxaBe <j)H6pHnji, HBJiaexca 6exa-aMHJioH3HBiH nenxufl. Ha 
pncyHice 18 npeAcxaBneHti cxpyKiypLi npox5DKeHHBix <j>n6pHJUioreHHBix nenxHflOB b cocxaBe 
nraoijHMa <|>ara T4 h nraouHMa KypHHoro 5riiija, a xaioKe cxpyKxypa CHMMexpi-niHoro 4>parMeHia 
35-51 in naKxantGyMHHa. HnrepecHO, mxo h sxh (J>parMeHTBi b cocxaBe Gemca, h 6exa- 
aMHJioHflHtni nenrim b cocxaBe <|)h6phjiji npeacxaBJUnox coSofl cxpyiciypy xnna miuuibKH, 
npiraeM Mewpy nojioBHHaMH 3epKajitHO-CHMMexpH i iHBix moxhbob pacnonaraexca 6exa-ir3ra6. 

A B C 



w Xj ^r%. *~c~. 



PncyHOK 18. CTpyKTypa <|>H6pHJUiore HHbix nenTH#OB b cocTase jnnoi(HMa KypHHoro fliiita (A) h 4>ara 
T4 (B) h CTpyKTypa CHMMeTpHMHoro 4>parMCHTa 35-51 b cocTase ajn>4>a-JiaKTajn>6yMHHa (C). 

TeMHbiM oSosHaneHbi 6eTa-H3nd6bi. 



Mbi npeflJioacrinH rnnoTe3y o ponn npoxaaceHHtix 3epKajiBHO-CHMMexpH i iHBix moxhbob, 
o6pa3yiomHX cxpyKxypLi xnna iiiiihjibkh b <|)H6pHJiJioreHe3e. Ha pncyHice 19 npeacxaBneHa 
npeAnonaraeMaH cxeMa xaKoro y^acxna. .ZJaHHtie, nony^eHHtie Liihrs h coaBxopaMii (Luhrs etal, 
2005) oxHOCHxentHO cxpyicxypLi 6exa-aMHJioimHoro nenxima b cocxaBe <J)H6pHJifi, cornacyioxca c 
3xottriinoxe30H. 

Ha ocHOBaHHH ranoxesLi o ponn npox5DKeHHtix sepKanBHO-CHMMexpinHBix moxhbob, 
o6pa3yiomHX cxpyKxypti xnna iumtfitKH b <|)H6pHJiJioreHe3e mbi npeflnoaamH cxpyicrypy nenxnaa, 
noxemjHantHO cnocooHoro bjihhxl Ha <f)H6pHJinoreHe3 nraoijHMa KypHHoro aflita. nenxHfl 
npeflcxaBJiaex co6ofl nojioBHHy CHMMexpiraHoro Moxima h, cornacHO Hameft ranoxe3e, cnoco6eH 
KOHKypHpoBaxt c MoneKyjioft jncoujoia 3a Mecxo npiicoeflHHeHHa cjie^yiomero MOHOMepa npn 
o6pa30BaHHH ojinroMepHBix npefliiiecxBeHHHKOB <J)h6phjiji (PncyHOK 20). 
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1.06lI|aH CTpyKTypa 3epKaJIbH0-CHMMeTpHMHbIX MOTHBOB. 



-n-B-tn-B » -k-B-1-B-k-B" -m-M-n 



6eTa-M3rHC 



&> 



npOM3»OJlbHOO WMCJIO SMMHOKMCJIOTHUX OCT.HTKO) 

^H cnocoGnbi ui.iwvio/ieilciBOBaib ■■ M| 



B ' " B 



■ rnnrofinhi RiawwnnPMfTBORflTh 



B " B 



n,iu,k,l -hhcjio aMHHOKHCJioTHbK odaTKOB, cnoco6Hoe o6ecneHHBaTb Heo6xoflHMyio B3aHMHyio opneHTauHio 
6okobbix ueneii aMHHOKHCJioTHbix odaTKOB; b codaBe yHacnca 1 - noanenoBaiejibHOCTb aMHHOKHCJioTHbK ocTaTKOB, 
CKJioHHaa k o6pa30BaHHK> 6eTa-H3rn6a; A3 -np0H3B0jn>Hbie aMHHOKHCJioTHbie octbxkh; A\B'- aMHHOKHCJioTHbie 
ocTarKH, 6oKOBbie ueiiH KOTOpbix cnoco6Hbi B3aHMoneHCTBOBaTb c 6oKOBbiMH ueimMH OdaTKOB A h B 

COOTBeTCTBeHHO. 06(>3HaHeHHbie vKHpHbIM UIpH(j>TOM aMHHOKHCJioTHbie OCTaTKH MOiyT 6bITb HZeHTHHHblMH HJ1H 
CXOflHblMH no CBOHCTBaM C OCTaTKaMH CJieBa OT UeHTpa CHMMeTpHH. 

2.BHyTpHMOJI6KyJIHpHbie B3aHMOA€HCTBHfl, 06yCJI0BJIHBaH>IIJHe CTpyKTypy MOTHBa. 




3. Bo3MO^CHbie MexcMOJieicyjiflpHbie B'jaiiMoaeficTBHH, o6ycjioBJieHHbie crpyKTypofi 

3epKaJIbHO-CHMMeTpHMHOrO MOTHBa. 




PncyHOK 19. CxeMa ynacTHH 3CM b 4>H6pHJiJioreHe3e Chhhm h KpacHbiM ubctom oSosHaneHbi 

SepKaJlbHO-CHMMeTpHHHbie MOTHBbI, npHHaflJie>KaiH,He pa3HbIM MOJieKyJiaM. CBeTJIbIM 0603HaHeHbI 
BHyTpHMOJieKyJlflpHbie CBH3H, TeMHbIM -Me^cMOJieKyjiapHbie. 




PncyHOK 20. IIpHcoe^HHeHHe nenTH^a, HBJiHiomerocH iiojiobhhoh chmm6tphmhoh crpyKTypbi. 
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B cny^ae ynacxHH sepKajiLHO-CHMMepiraHBix mothbob b <J>H6pHJiJioreHe3e xaKoe B3aHMoaeHCTBHe 
MoaceT nperorrcTBOBaxL o6pa30BaHHio o6bfihbix npe<j)H6pHJiJiapHBix <|>opM, oGircmaioiiiHX 
iXHTOTOKCPraecKHM aeftcxBHeM. Haiueii 3aaa^eH abjeijiocb HccneaoBaxB BjmaHHe nemxma, 
aBJiajomeroca iiojiobhhoh 3epKajn.HO-CHMMeTpH4Horo MOXHBa, Ha (J>H6pHJinoreHe3 jncoujaia. 
H3yMeHHe bjihhhhh nenrafla NTQATNRNTD Ha <|M6pHjiJioreHe3 jiH30UHMa KypHHoro flfiqa. 
J\jvl HccneflOBaHHa ponn 3epKajn.HO-CHMMexpH i iHoro MOTHBa nraoijHMa b HanajitHLix axanax 
(|)H6pHJinoreHe3a, mbi npoBenH HHKySaujoo nraoiiHMa b MHHHMantHOH <J)H6pHJUioreHHOH 

KOHIXeHXpaiJHH COBMeCTHO C fleCOTHKpaTHBIM MOJIBHBIM H36BIXKOM neHTHfla HALF flBJIHIOmHMCH 

nonoBHHofl sepKantHO-CHMMexpHMHOH CTpyiaypLi b nocjieaoBaxentHOCTH axoro 6enica. . 
HmcyGaujoo npoBO^HJiH b xeneHHe BpeMerai, HeaocxaxoHHoro ana o6pa30BaHHfl (J)h5phjiji (oKono 
2 *iacoB). B KanecxBe KOHxpojia Hcnojn.30BanH xaicyio 5Ke npo6y 6e3 ao6aBneHHH nenxima. 
Pe3ynBxaxBi 3Jieicrpo(f)ope3a b khcjibix ycnoBirax npeacxaBJieHBi Ha pncyince 23. Pa3jnraHe 
ajieKxpo^opexH^ecKOH noaBH^CHOcxH o6pa3i|OB CBimexenBCXByex b nont3y o6pa30BaHPia 
KOMnneKca Meac^y jih30ijhmom h nemxmoM. 

1 2 3 



• • 



PifcyHOK 21. Pe3yjn>TaTbi 3JieKTpo<|>ope3a b khcjimx ycjioBHflx JiinoijHMa, HHKy6iipoBaBiiierocH b 
ycjioBHHX ajih 4»H6pHJiJioreHf3a b npHcyTCTBHe (AopoHCKa 1) h b OTcyTCTBHe Otopoxcica 3) nenxH/ja 
HALF. Ha flopoacKy 2 6biJi Hanecen nenTHA b KOHijeHTpaijHH, npHcyrcTByiomeH b npo6e. 

JfoKum nenmuda n MOJiexyjibi JiusoiyiMa. J\j\5l onpeaeneHHH caflxa npncoeaHHeHHH nemrma 
HALF k Moneicyjie nrooiiHMa, mbi npoBenn KOMntioxepHoe MOflennpoBaHHa B3aHMOfleflcxBHa 
jiH30i|HMa h nenxHfla. Pe3ynBxaxBi MoaennpoBaHHa CBimexenBCXBOBajiH o xom, ^xo HanGojiee 
SHeprexH^ecKH bbitoahbim pacnojioaceHHeM MOJieicyjiBi nemxma HBJiaexca pacnojioaceHHe bGjitoh 
3epKam>HO-CHMMexpH i iHoro MOXHBa. npncoeflHHeHHe MoneicyjiBi nenxn^a npHBOAHJio k 
BO3HPncH0BeHPH0 cxepn^ecKoro npeiurrcxBHa b6jih3h (JjepMeHxaxHBHoro ixenrpa Geinca (0wunmc, 
1968). Mbi caenanH npeanono serine, ^rro b cjiy^ae cooxBexcxBHa aiccnepHMeHXOB in vitro h in 
silico b npncyxcxBHe nenxHaa jhojdkho HaSxnoflaxBca CHHacemie <J>epMeHxaxHBHofi aKXHBHOCTH 
Geinca. 

BmuiHiie nenmuda HALF na <pepMeHmamu6Hj>H> aKmuenoattb jiusot^uMa. npn npoBeaeHHH 
SKcnepHMeHra no rayHeHHio BJnraHHa nenxHaa Ha <f)epMeHxaxHBHyio aKiraHocxB nraoijHMa mbi 
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Ha6nioflajiH 5 ^to b npHcyTCTBHH flecaxmcpaTHoro MontHoro raGLXXKa nemxma croracaexcfl 
CKopocTL irmpojiraa npenapaTa cxeHOK M.luteus.. PesyntxaxLi SKcnepHMeHxa npeacTaBneHti Ha 
pncyince 24. Oaicr CHH^eraM <J>epMeHiaxHBHOH aicxHBHOcxH nraoujiMa kocbchho CBHaexentcxByex 
b nojn.3y Hajnrma ciiocoShocxh xaKoro nenxnaa npncoeaHHflXBCfl k 3epKajn>HO-CHMMexpH i moMy 
y^acxKy MOJieKynti nraouHMa. 
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Phcvhok 22. BjiHHHHe nenxH/ja HALF Ha <J>epMeHxaxHBHVK> aKXHBHoexb jiH30i|HMa. HenpepbiBHaa 
jihhhh - 6ejioK b onxHMajifaHOH KOHqeHTpaqHH, npepbiBHCTan - 6ejioK b xoh ace KOHqeHxpaijHH b 
npHcyxcTBHe nenxH^a. 

Hiynenue a/iunnun nenmuda na (pll6puJlJlo^ene$ jiiaoitiwa. B npeflBapHxentHtix 
SKcnepHMenrax c Hcnojn»30BaHHeM MexoaoB axoMHofl chjioboh mhkpockoiihh h rayHeHHfl 
(JjjnoopecijeHijHH XHCxJwiaBHHa T mli ycxaHOBHJiH, mxo nenxna HALF He cnoco6eH o6pa30BLiBaxL 
(|>h6phjijibl Ha pncyHKe 25 (A) npeflcxaBnera>i pe3yntxaxLi ajieKxpoHHofi MHKpocKonHH <J>h6phjiji 
nraoijHMa. Ha pncymce 25 (B) npeflcxaBJieHti pe3yntxaxLi ajieicrpoHHOH mhkpockotthh (J)H6pHnn 
nmoujiMa, o6pa30BaBiiiHXCH b npncyxcxBHe 10 - KpaxHoro MontHoro H36LrrKa (5 mt/mji) neiroma. 
nenxxm HALF b KoimeHxpaijHH 5 mt/mji, HHKySHpoBaBimotoi b ycnoBHax jsjm <|>H6pHJUioreHe3a 
nraoijHMa, He 6bui cnocoSeH k o6pa30BaHHio (J>h6phjiji (AaHHtie He npeflcxaBJieHti). 



B 





Phcvhok 23. <£>h6phjijii>i, o6pa?OBaBUiHec5i b otcvtctbhc (A) h b npHcyTCTBHe (B) nenxn^a. ^jiHHa 
ceporo npHMoyrojibHHKa cooxBexcxByex 0.7 mkm. 

/JnaMexp (J)H6pHjrn, o6pa30BaBniHxca b npncyxcxBHH nemxma (okojio 10 hm), He oxnH^ajica ox 
flHaMexpa <J)H6pHJin KOHxpojiLHoro o6pa3u;a. 3xo CBHAexenBCXByex o cxo^cxBe onnroMepHBix 



OO 



erpyKTyp, o6pa3yiomHX <J>h6phjijibi b npHcyxcxBHe h OTcyxcxBHe neiroma. OflHaKO HaGmoaajiHCB 
oxmraHH b roioxHocxH pacnono^eroM (J)H6pHjm Ha no£Jio)KKe (10±5 mkm"" b kohxpojibhom o6pa3i*e 
h 30±10 mkm"" b npHcyxcxBHe nenxHaa) h b cpeaHefl AJiHHe (J)H6pHnn (700±100 hm b kohxpojibhom 
o6pa3ije, 300±50 hm b npncyxcxBHe neirnma). Baamo oxMexuxB, hxo npn aneicrpoHHOH 
MHKpocKonpiH (|>h6phjiji JirooiiHMa, o6pa30BaBiiiHxca b oxcyxcxBHe nenxHaa, He HaGnioflajiH 
cxpyKiyp, cxo^HBix c npeAcxaBneHHBiMH Ha pnc. 25 (B). 3xo CBHAexejiBCXByex o xom. ^rro 
Ha6nK>AaeMBie Mop^onoixraecKHe otjufevl He CBa3aHBi c HepaBHOMepHocxBK) cop6ijHH o6pa3i*OB 
Ha noBepxHocxB no^JioacKH- ®H6pHJUioreHe3 JiraoijHMa b HccjieflOBaHHBix o6pa3i*ax npoHcxoflJtn b 
ycjioBHax, oxjuraaiomHXCH xojibko HajnraneM hjih oxcyxcxBHeM nenxn^a. 06pa3ijBi flna 
MHKpocKonpiH roxoBHJiHCB o^HOBpeMeHHO HflemxraHBiM cnocoGoM. Ha6jnoaaeMBie OXJIH^HS 
coxpaHHJiHCB npn noBxopHOM npoBe^eHHH SKcnepHMeHra, noaxoMy, Hcxoaa H3 nonyneHHBix 
pe3yjn.xaxoB, moskho caenaxB bbiboa o HajiH^HH BJiHHHHfl nenxH^a NTQATNRNTD Ha 
o6pa30BaHHe (J>h6phjiji JirooitHMa. TaKofl nenrim Moacex 6bixb ncnojn»30BaH b Ka^ecxBe ochobbi 
ana pa3pa6oxKH 3<Jx|>eKrHBHoro HHTH6Hxopa (J)H6pHJiJioreHe3a axoro Gemca. 

3aKJiH)MeHHe. IIohck 3CM b nocneflOBaxejiBHOcxHX Mo^ejiBHBix GemcoB anB(J)a-naKxajiB6yMHHa 
MenoBeKa h JirooijHMa KypHHoro jntija no3BonHJi onpeaejinrB y^acxKH, flBjraomnecfl 
noxepmnajiBHBiMH <J>H6pHJUioreHHBiMH flexepMHHaHxaMH sxhx SejncoB. neirom 
GYDTQAIVENNESTEYG (WT), coaepacaimrii 3CM AJI raioBeKa h 

GYDTQTVVNNNGHTDYG (ID), coflep^amnH ocHOBHBie aneMeHTBi 3CM axoro 6ejnca, 
cnoco6HBi k 4>H6pHJinoreHe3y. II emu^s WT h ID cnoco6ra>i ramyujipoBaxB <J>H6pHJinoreHe3 AJI. 
Ilpn ramyiajjiH <J)H6pHJiJioreHe3a AJI nemxmoM ID KOMnneKCBi AJI c nenxHAOM oxjnraaioxca ox 
onncaHHBix b JiHxepaxype xokch^hbdc npe^HSpHJUiapHBix onnroMepoB ajn>(J)a-JiaKxajiB6yMHHa- 
IlenxHa NTQATNRNTD (HALF), flBJisnomHifoi nonoBHHofl 3CM nraoijHMa, cnoco6eH 
CB33BiBaxBca c 3xhm 6enK0M h Bjnraex Ha ero (J)H6pHnnoreHe3. TaKHM o6pa30M, 3CM b 
nocneaoBaxejiBHoexflx ajn,<J>a-JiaicrajiB6yMHHa h JirooijHMa nrpaiox ponB b <J)H6pHJiJioreHe3e sxhx 
6enKOB- Bo33eficxBHe Ha 3CM c noMomtio nenxHflOB HBJiaexca nepcneKTHBHOH cxpaxeraeft 
6opb6bi c B03HHKHOBeHHeM xokchmhbdc onHroMepoB 6enKOB, B03HHKaioiiiHX b npoijecce 
(|)H6pHJinoreHe3a . 

BblBO^bl 

1. IIpH KOMnBioxepHOM aHajiH3e nepBH^Hofl cxpyKiypBi ceMH H3BecxHBix <])H6pHJiJioreHHBix 

nenxHAOB oGHapy^eHBi 3epKajiBHO-CHMMexpH i iHBie moxhbbl 

2. SepKajiBHO-CHMMexpiraHBiH moxhb b nocne^oBaxejiBHOcxH ajn>(J>a-JiaKxajiB6yMHHa ^enoBeKa 
(GYDTQAIVENNESTEYG) coaepaorr (J)H6pHnnoreHHyio AexepMHHanry axoro Gemca. 
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3 . SepKantHO-CHMMeTpiPfflBiH nerrrna ID (GYDTQTVVNNNGHTD YG), roMonororaHLiH 
sepKantHO-CHMMeTpH^iHOMy MOTimy b nocjieflOBaxentHOCTH ajit(f>a-JiaKTajiB6yMHHa MejioBeica, 
cnocoGeH k (J)H6pHJUioreHe3y. 

4. KoMTitioTepHoe MoaenHpoBaHHe 4>H6pHJiJioreHe3a neinnaa ID a^eKBaTHO oipa^caei 
(J)H6pHJinoreHHBie CBoftcxBa neiroma ID, HaSnioflaioiiiHeca: in vitro. 

5. IIoKa3aHO, *rro neirom ID ramyujipyeT <J)H6pHnnoreHe3 ajn><J>a-JiaicrajiL6yMHHa i iejioBeica. 
IleTTTim ID cBH3LiBaeTca c ajiB(f)a-jiaicrajiB6yMHHOM b cooTHonieHHH 2:1. 

6. npeanoaceH MexaHH3M yHacTHfl lepKanLHO-CHMMexpH^HBix mothbob b <J)H6pHJifioreHe3e. 
Ha ocHOBaHHH 3toh rnnoTe3Bi paipaGoTaH h CHHxe3HpoBaH neirom, imeprrnHHtiH (JjparMemy 
6eTa-aoMeHa nmoiiHMa. IIoKa3aHO BJiHHHHe xaicoro nenTHfla Ha Mop^onorrao <|>h6phjui 
nraoijHMa. 
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